Patients with unresectable malignant hilar biliary obstruction (MHBO) have a poor prognosis. Endoscopic biliary drainage for MHBO is a minimally invasive method of improving patient comfort. Endoscopic biliary stent placement in patients with MHBO is typically performed using a self-expandable metal stent (SEMS) or plastic stent.
Results Seventeen patients with unresectable MHBO during complete bilateral intrahepatic cholangiograms underwent endoscopic SBS PCSEMS placement (median age, 78 years; men, 9). Lesions were Bismuth types II (n = 10), III (n = 1), and IV (n = 6), including 10 cholangiocarcinomas, 3 gallbladder cancers, and 4 metastatic cancers. In all patients, the PCSEMS was placed across the duodenal papilla. The technical and functional success rates were 100 % and 82 %, respectively. The median procedure time was 43 minutes (interquartile range [IQR] : 36 -52 minutes). Twelve patients had RBO (71 %), including 9 stent occlusions due to sludge and 3 stent migrations. The median TRBO was 79 days (IQR: 58 -156 days) during the follow-up period (median 192 days [IQR: 88 -551 days]). The median TRBO of patients with Bismuth type II lesions was significantly longer than that of patients with Bismuth types III and IV lesions (87 days [IQR: 70 -244 days] vs. 54 days [IQR: 35 -100 days]; P = 0.030). Thirteen patients (76 %) required endoscopic reintervention. Endoscopic stent removal was possible in 6 patients without tumor ingrowth into the uncovered distal part of the stent. One late adverse event (≥ 31 days) occurred (cholangitis).
Conclusions Endoscopic SBS placement of a PCSEMS was feasible in patients with unresectable MHBO. Additionally, reinterventional stent removal was possible in the absence of tumor ingrowth.
Uncovered SEMSs (USEMSs) have been used mainly in patients with unresectable MHBO. However, stent occlusion due to tumor ingrowth often occurs in patients receiving a USEMS. In contrast, tumor ingrowth occurs less frequently after covered SEMS (CSEMS) placement, and endoscopic reintervention such as stent removal may be easy in patients receiving a CSEMS.
Endoscopic biliary SEMS placement for MHBO may be unilateral or bilateral [2, 3] , and side-by-side (SBS) or stent-in-stent (SIS) [4, 5] . Currently, there is no consensus on which of these methods represents the optimal treatment for unresectable lesions. Therefore, the present study's aim was to investigate the feasibility of endoscopic SBS placement using a partially CSEMS (PCSEMS) for unresectable MHBO.
Patients and methods
This retrospective study was approved by the Medical Ethics Committee of Showa University Hospital, and it was registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN registry number: 000019786). Written informed consent was obtained from all patients before their procedure.
Patients
We retrospectively analyzed 33 consecutive patients who underwent endoscopic biliary drainage for unresectable MHBO at our institution from July 2013 to June 2015. Exclusion criteria were as follows: patients with unilateral intrahepatic biliary obstruction, those with altered gastrointestinal anatomy, and patients who were unable to provide informed consent.
Before endoscopic SBS PCSEMS placement, multidetector computed tomography, magnetic resonance cholangiopancreatography, and endoscopic retrograde cholangiopancreatography (ERCP) were performed to evaluate the location of the hilar biliary obstruction. In patients in whom bilateral intrahepatic cholangiography could be performed, we conducted endoscopic SBS placement of a 6-mm diameter PCSEMS, which is described later. All patients received endoscopic sphincterotomy and temporary endoscopic nasobiliary drainage before SBS PCSEMS placement. Generally, patients with recurrent biliary obstruction (RBO) [6] after SBS PCSEMS placement underwent endoscopic reintervention.
The Bismuth classification was used to describe the location of the hilar biliary obstruction [7] , and the diagnosis of malignancy was confirmed pathologically based on results of endoscopic transpapillary bile duct biopsies and cytologic analysis.
Devices
The PCSEMS we used for all patients was 6 mm in diameter and either 100 or 120 mm long. It was a braided-type stent with a silicone, membranous material covering both the inner and outer surfaces. Only the distal, 10-mm section of the stent was uncovered, and the other section was fully covered. This stent was placed using an 8-French (Fr) delivery system (Taewoong Medical Co. Ltd., Seoul, Korea) (▶ Fig. 1 ).
ERCP was performed using a duodenoscope (JF-260V or TJF-240; Olympus Medical Systems Corp., Tokyo, Japan). All patients underwent ERCP procedures under deep sedation with benzodiazepines and/or pentazocine as analgesics. A sphincterotome, an Autotome RX44 (Boston Scientific, Natick, MA, USA) or an MTW cannula (MTW Endoscopy, Dusseldorf, Germany) was used as an ERCP catheter.
Guide wires used for selective bile duct cannulation included a 0.035-inch Jagwire (Boston Scientific), 0.035-inch Hydra Jagwire (Boston Scientific), and 0.025-inch VisiGlide 2 (Olympus Medical Systems Corp.), based on the requirements of each procedure.
Biliary dilation catheters used included a 6-F-9-Fr Soehendra Biliary Dilation Catheter (Cook Medical, Inc., Bloomington, IN, USA) and 4-mm-diameter Hurricane RX Biliary Balloon Dilation Catheter (Boston Scientific), as indicated during the procedure. An Erbotom ICC 200 unit (Surgical Technology Group, Hampshire, England) in endocut mode was used for endoscopic sphincterotomy with the effect 3 current set at an output limit of 120 W and the forced coagulation current set at an output limit of 30 W.
SBS placement using a PCSEMS
After the diagnosis of unresectable MHBO was confirmed using the aforementioned studies, endoscopic bile duct cannulation with bilateral intrahepatic cholangiography was performed using two 0.035-inch guide wires inserted into the left and right intrahepatic bile ducts through the hilar biliary obstruction.
When we encountered an extremely narrow hilar biliary obstruction, we often performed biliary dilation using a 6-F-9-Fr biliary dilation catheter or 4-mm-diameter biliary balloon dilation catheter, as required by the conditions of the patient.
Finally, each PCSEMS was placed into the left and right intrahepatic bile ducts across the duodenal papilla (▶ Fig. 2 a and ▶ Fig. 2 b) . The length of the stent placed (100 or 120 mm) was based on the distance between a point directly above the hilar biliary obstruction and the duodenal papilla, and determined by cholangiogram findings. Several ERCP specialists performed these procedures.
Reintervention
Endoscopic reintervention was performed if cholangitis (with or without occlusion), cholecystitis, or liver abscess occurred after endoscopic SBS PCSEMS placement. If tumor ingrowth involving the uncovered part of the distal section of the PCSEMS ▶ Fig. 1 A 6-mm-diameter partially covered, self-expandable metal stent with an 8-French delivery system (Taewoong Medical Co., Ltd., Seoul, Korea). Only the distal, 10 mm of the stent is uncovered (arrow), and the other section is fully covered.
was absent, the PCSEMS was removed using forceps or a snare (▶ Fig. 3 ) and replaced with a new SEMS. Otherwise, patients received additional endoscopic stent-in-stent placement.
Outcome measurements
Our study outcomes were the technical success rate, functional success rate, RBO rate, time to RBO (TRBO), reintervention rate, and adverse events other than RBO. Definitions of these outcomes were based on the TOKYO criteria 2014 for transpapillary biliary stenting [6] .
Technical success was defined as successful endoscopic SBS PCSEMS placement in the intended location with sufficient coverage of the MHBO. Functional success was defined as a 50 % decrease in or normalization of the bilirubin level within 14 days of endoscopic SBS PCSEMS placement [6] .
RBO was defined as stent occlusion or migration. Stent occlusion was diagnosed in the presence of tumor ingrowth, tumor overgrowth, sludge, hemobilia, food impaction, bile duct kinking, and other factors. Stent migration was diagnosed when complete or partial proximal or distal stent migration was found during reintervention. TRBO was defined as the time from endoscopic SBS PCSEMS placement to the RBO [6] .
Adverse events other than RBO were categorized as follows: pancreatitis, non-occlusive cholangitis, cholecystitis, and other (bleeding, ulceration, penetration, or perforation). These events were also categorized as early (within 30 days) or late (31 days or later) based on the time to occurrence after endoscopic SBS PCSEMS placement [6] .
Statistical analysis
Continuous variables are expressed as the median (interquartile range [IQR]). TRBO was estimated using the Kaplan-Meier method and compared between groups using the log -rank test [6] . Pvalues < 0.05 were considered significant. Statistical analyses were performed using StatMate III software (ATMS Co., Ltd., Tokyo, Japan).
Results
Of 33 consecutive patients who underwent endoscopic biliary drainage for unresectable MHBO, 16 were excluded (13 with unilateral intrahepatic biliary obstructions, 2 with altered gastrointestinal anatomy, and 1 with other exclusion criterion). The remaining 17 patients who received endoscopic SBS placement using a PCSEMS were investigated in this study (▶ Fig. 4) . The initial few patients during endoscopic SBS PCSEMS placement were included in this study. Patient characteristics are ▶ Fig. 2 Endoscopic biliary side-by-side placement using a partially covered self-expandable metal stent (PCSEMS). a The cholangiogram.
b The endoscopic image. PCSEMSs are placed from the left and right intrahepatic bile duct across the duodenal papilla.
▶ Fig. 3 Partially covered self-expandable metal stents after removal during endoscopic reintervention.
shown in ▶ Table1. The median follow-up (survival) period was 192 days after endoscopic SBS PCSEMS placement. Many causes of death were the progression of cancer and exacerbation of biliary infection.
Technical success and functional success
The technical success rate was 100 %, and all patients with bilateral intrahepatic cholangiograms were treated with endoscopic SBS PCSEMS placement across the duodenal papilla (▶ Table 2 ). All 3 patients with functional failure had a gradual decrease in bilirubin levels that began 14 days after endoscopic SBS PCSEMS placement.
RBO and TRBO
RBO after PCSEMS placement occurred in 12 patients (71 %). Stent occlusions due to sludge occurred in 9 patients, and stent migrations occurred in 3 (distal migration of one stent occurred in 2 patients, and proximal migration of both stents occurred in 1 patient). The median TRBO of patients with Bismuth type II lesions was significantly longer than that of patients with lesions of Bismuth types III and IV (P = 0.030) (▶ Fig. 5 ) (▶ Table 2 ).
Reintervention
After SBS PCSEMS placement, 13 patients (76 %) underwent endoscopic reintervention. Endoscopic PCSEMS removal using forceps or a snare was attempted in 10 patients, and it was possible in 6 whose stent showed no tumor ingrowth to the distal uncovered section. Patients whose stent was removed underwent new SEMS placement. Six of the patients who did not undergo stent removal underwent endoscopic SIS placement, and 1 patient underwent additional endoscopic nasobiliary drainage (▶ Table 2 ) (▶ Fig. 4) . The median number of reintervention was 1 (IQR: 1 -2 times).
Adverse events other than RBO
One patient developed non-occlusive cholangitis 31 days after stent placement (▶ Table 2 ). No severe adverse events were observed during the endoscopic procedures.
Discussion
The current study's findings indicate that endoscopic SBS placement using a 6-mm diameter PCSEMS was feasible in patients with unresectable MHBO.
Endoscopic biliary drainage for unresectable malignant hilar biliary obstruction, n = 33
Exclusion criteria ▪ Unilateral intrahepatic biliary obstruction, n = 13 ▪ Altered gastrointestinal anatomy, n = 2 ▪ Other, n = 1
Side-by-side placement using a partially covered self-expandable metal stent (PCSEMS), n = 17 ▪ Endoscopic PCSEMS removal, n = 6 ▪ Additional endoscopic stent-in-stent placement, n = 6 ▪ Additional endoscopic nasobiliary drainage, n = 1 Several studies have reported a technical success rate of 73 % to 100 % for endoscopic SBS SEMS placement for MHBO [8 -11] . In our study, we achieved successful endoscopic placement of an SBS PCSEMS in all patients with bilateral intrahepatic cholangiograms. This SBS PCSEMS placement is relatively easy, and the learning curve may be minimal. Previous studies have shown that SEMSs are preferable to plastic stents in patients with unresectable MHBO [12, 13] . A recent meta-analysis also reported that SEMSs have a lower occlusion rate than plastic stents for MHBO [1] . Until recently, a patient with unresectable MHBO usually received a USEMS because USEMS placement less frequently results in occlusion of the contralateral bile duct and intrahepatic bile duct branches than CSEMS placement. However, there are some disadvantages to the use of USEMSs. One disadvantage is that tumor extension into the stent occurs easily after USEMS placement, and another disadvantage is that guide wire insertion into USEMSs and USEMS removal are difficult to perform during endoscopic reintervention. In contrast, tumor ingrowth occurs less frequently after CSEMS placement, and endoscopic reintervention, such as stent removal, may be easy. On the basis of these findings, we used thin, 6-mm diameter PCSEMSs to reduce the obstruction of intrahepatic bile duct branches as much as possible.
A few investigators have evaluated endoscopic CSEMS placement for MHBO. Inoue et al. reported that a 6-mm, fully CSEMS (FCSEMS) is a promising option for both primary stent placement and reintervention for MHBO. The technical success rates were 94 % and 92 % in the initial and reintervention groups, respectively. The median TRBO was 210 days in the initial group after bilateral placement, and 112 and 152 days in the reintervention group after bilateral and unilateral placements, respectively. They also proposed that FCSEMS could cause intrahepatic bile duct occlusion [14] . Another team that evaluated endoscopic SBS placement of a 6-mm-diameter CSEMS (FCSEMS or PCSEMS) for MHBO reported a technical success rate of 97 % (FCSEMS, 94 %; PCSEMS, 100 %), and a mean stent patency period of 95 days (FCSEMS, 113 days; PCSEMS, 68 days). The outcomes were better after FCSEMS placement than after PCSEMS [15] .
Endoscopic biliary SEMS placement for MHBO may be unilateral or bilateral [2, 3] and SBS or SIS [4, 5] . Currently, there is no consensus on which of these placement methods represents the optimal treatment for unresectable lesions. The Asia-Pacific Working Group for hepatobiliary cancers reported that optimal palliative stenting in patients with hilar cholangiocarcinoma requires drainage of 50 % or more of the liver volume [16] . Given this recommendation, we investigated the clinical outcomes of endoscopic SBS placement of a PCSEMS to evaluate the feasibility of this method for palliative stent placement in patients with unresectable MHBO.
USEMS occlusion is usually caused by tumor ingrowth; however, all the PCSEMS occlusions in the present study were caused by sludge. PCSEMS occlusion due to sludge may result from the membranous material of the CSEMS or the stent's position across the duodenal papilla. Previous studies have reported that SBS stent placement for MHBO has median stent patency periods of 130 -169 days when using USEMSs [9 -11] and 95 days when using CSEMSs (FCSEMSs, 113 days; PCSEMSs, 68 days) [15] . The median TRBO was 210 days when using FCSEMSs as the primary stent placement [14] . In our study, the median TRBO after endoscopic SBS placement of the PCSEMS was 79 days, and it was not longer than that reported in the aforementioned studies. The relatively small sized diameter of the stent may reduce the TRBO. We may not be able to determine the benefit of this stent in terms of the TRBO; however, this period was significantly longer in patients with Bismuth type II lesions than in the combined group of patients with Bismuth type III or IV lesions, according to the evaluation with the small numbers of patients. The reason for the shorter TRBO in patients with Bismuth III or IV lesions may be due to earlier stent occlusion with tumor ingrowth and sludge in the distal section of the stent, or the shorter survival period. In patients with Bismuth III, we may consider 3 stents insertion as the optimal drainage. In the future, it is necessary to investigate whether a PCSEMS is more useful than other stents (FCSEMS, USEMS, or plastic stent) in terms of stent occlusion, patency, and cost-effectiveness.
In the present study, the endoscopic reintervention rate was 76 % (13/17) after SBS PCSEMS placement. However, endoscopic PCSEMS removal using forceps or a snare was successful in 60 % (6/10) of patients in whom reinterventional stent removal was attempted. In these six patients, no tumor ingrowth occurred in the uncovered section of the stent. New stent placement after stent removal may contribute to reduced risks of RBO and subsequent reintervention. Stent removal is often not possible after USEMS placement due to tumor ingrowth in the stent. FCSEMSs may be superior to PCSEMSs in terms of stent removal; however, the ability to remove the stent endoscopically is one of the advantages of PCSEMSs. Additionally, because we placed PCSEMs across the duodenal papilla, we were able to easily perform SIS placement of an additional USEMS or plastic stent during subsequent endoscopic reinterventions. We observed no serious adverse events after endoscopic SBS PCSEMS placement. This success contrasts with the failure of FCSEMS placement due to its associated risks of intrahepatic bile duct branch occlusion.
Limitations of this study are the single-center, retrospective design and the small number of patients evaluated. The percentage of patients with Bismuth III was very low in comparison to that of patients with Bismuth II, and there might be a selection of cases. In the future, multi-center, prospective, randomized, controlled trials with larger numbers of patients are needed to confirm our findings.
Conclusions
Endoscopic SBS placement of a PCSEMS was feasible in patients with unresectable MHBO. Reinterventional stent removal was possible in the absence of tumor ingrowth. On the basis of our findings, we suggest endoscopic SBS placement of a PCSEMS for patients with unresectable MHBO, bilateral intrahepatic cholangiograms, and a life expectancy of approximately 3 months or more. (TRBO) during endoscopic side-by-side partially covered self-expandable metal stent placement using the Kaplan-Meier method. The median TRBO of patients with Bismuth type II was significantly longer than that of patients with Bismuth types III and IV (87 days vs. 54 days, respectively; log-rank test, P = 0.030).
